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Introduction
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This report is a supplement tg«ka#JHU—aapan&«$G~45i,
entitled,tMarcum's an 4Swerling‘s Data on Target Detection by
s BRI )

a Pulsed Radar.? InKTGWQﬁﬂ, graphed data are presented which
were obtained by high speed digital calculations based on the
statistical analyses of Marcum and Swerling. ( Although tn§§q\\
graphs are sufficient for many applications of the computed :
data, there are some applications which require a bettzr

definition of the data so that the limited resolution of the
graphs can be avoided. For example, in documenting the per-
formance cf a proposed radar, it would be advantageous to

specify that such documentation be standardized and based on
tabulated data rather than on graphed dat.. Graphs introduce

the variabilities of hoth the plotter anu the reader.
\

" To accommodate those who have need for precise analytic
data on radar target detection, the data which were plotted
in #6451 are presented here in tabulated form; and in addi-
tion, data are presented for 6000 pulses integrated inco-

herently. ata could be computed for still large numbers of

integrated Ypulses but not without a significant modification
of the origihal computational program and a caretful considera-
tion of the storage capacity of the computing machine. At the
present time,; the need for data above 3000 integrations is not
great; however, the availability of data for 6000 permits
better interpolation for intermediate values. For additional

details refer to TG 451.
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The labels used for parameters and column headings in
the tables below are largely self-explanatory. However, to
avoid ambigicus interpretation, the following definitions

are given.

Marcum's and/or

Label Discussion Swerling's Symbol
PULSES The integration of pulses N
INTEGRATED of reradiated electromag-

INCOHERENTLY netic energy with random

relative gl
FALSE ALARM The nunber of opportuni- n’
NUMBER tiess for a false alarm

in the falsec alarm time.
BIAS ON ROCOT The facter by which root Yb
MEAN SQUARE mean sgquare noise is
NOISE multiplied to obtain a

threshold value of signal
voltage level.

SIGNAL TO The signal to noise power x (Marcum)

NOISE RATIO ratio at the {nput to the x,% (Swerling)
radar receiver.

SIGNAL TO The ratic in decibels -

NOISE RATIO rounded to integers. The

DB calculation was actually

periormed for the values
tabulated for SIGNAL TO
NOISE RATIO

NORMALIZED The ratio of the actual R
RANGE range to g target to the R
. o}
range for which the signal
to noise ratio is 1.
DET. PROB. The probability that the Py (Marcum)

voliage level o1 inco-

herently integrated pulses .
exceeds the rircshold. pD (Swerling)
False alarms are not dis-

tinguishabic from reports

ol real targeis, From the

computational point of view,

the tabulated values are

correct to at least 6

decimal places,

—
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NON-
FLUCTUATING
TARGET

FLUCTUATING
TARGET

CASE 1

CASE 2

CASE 3

CASE 4

-1i1-

Q

A target of constant
radar cross section as
observed at ihe radar.

A target which varies c
in radar cross section
as observed at the radar. .

Scan to scan fluctuations
according to the probabil-
ity density function

wix,x) = 1 exp 6 g); x = O.

-

X

Samc ag CASE 1 except pulse
to pulse fluctuations in-
stead of scan to scan.

Scan to scan fluctuations
according to the probability
density function

wix,x) = g; exp |[- 3 i X = 0.

X X

Same as CASE 3 except pulse
to pulse fluctuations instead
of scan to scan.

corresponding
to x

corresponding
to x
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RATIC
L8

PLLSES INTEGRATED INCOHERENILY =
FALSE ALARM NLMHER =

NCRMALIZED

RANGE

C.7C755
C.646834
C.63C9¢
C.5658¢
C.56234
C.53C¢ee
C.5CH18
Ca%1315
Co%40608
Ce4cllC
C.39211
C.37%84
C.35481
C.33497
C.31e21)
C.2985%4
C.208184
C.266C17
C.25118
C.23714
c.221387
0.21135
C.19951
g.18836
C.17183
C.1617¢8
C. 158489
C.14962
C.14125
C.13335
C.12589
C.11885
C.1122C

DET. PRCH.
NCN-
FLLCTULATIAG
TARGET

10 TO T+HE PCrER
BIAS CN ROQT MEAN SCLARE NOISE =

10

1

15.09077%6
LEl. PRCB. LET., PRCB.
FLUCTUATING ~LUCTUATING
VARGET TARGE]
CASE ] CASE 2
0.£621019¢9 G.99881515
0.£81793855 0.99971377
0.50933108 £.999939170
0452691391
N.54125533
0.55289413
0.562294374

C.56387168
0.57595306
C.58C82551
0.58472263
0.58783529
C.95031060
C.59229804
0.69387453
0.595129807
0.59612832
0.59692284
059755445
0.69805663
0.59845580
0.99877314
0.69302529
0.53922565
€C.59938478
0.59951122
0.569961173
0.$9969159
0.99975495
0.59580540
0.53984535
0.59987711
0.59990239

ODeT. PRUB.
FLUCTUAT LG
TARGET
CASE 3

0.94932615
0.96%61834
0.9763BbyHs
C.9841211171
C.99001509
£.99350241
Ce95519747
0.99729%540
U.9982606206
0.95889222
0.999294C1
0.99955094
0.99971491
Ca99981917
0.99988547
C.99992T40

LET. PRCH.
FLUCTUATING
TARGET
CASE 4

039983729
0.939998222
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SIGNAL
TC NCISE
RATIC

c.lClcc
v.CCl2s
c.C0158
c.cc2cc
£.0Cc51
C.CC3l8
€.Q01398
C.CCSC 1
C.0C¢31
C.0C754
c.clcco
C.01259
C.C1585
C.C198%
C.02512
Cac le2
C.C38E1
C.L9C12
C.CtILC
C.L1543
C.1CCCC
C.12589
C 15846
C.13%53
C.2%119
Ce3le23
£.19811
Ce5C11y
C.83086
PR AT R X
1.CCCCC
1.25393
le%EnES
1.95%2¢
¢-51 185
3.1ed28

SIGNAL
TC NCISE
RATIC

ce

-3¢
-29
-28
-27
-26
-295
—~2%
-23
~22
-21
-2C
-19
-18
-17
~-16
~-15
~14
~13
-12
-11
-1n
-9
-8
-1
-6
~9
i
=1

- &

i
WM o A O e

PLLSES INTEGRATEC INCOHERENILY -
FALSE ALARM NLMBER =

BIAS Ch RCOT MEAN SGLARE NDISE =

NCRMALTZED

RANGE

S5.6¢341
5.3C(88¢
S.0L187
4.73151
4.6LLES
4.21¢9¢

3.98107
3,158317
J.54813
3.134G5865
3.16228
2.98538
2.81838
2.86C72
2.51189
2.31137
2.23072
2.11340
1.99526
1.688365
1.7,82¢
to6788C
i.9848S
149624
l.412%4
1.33352
1.25893
1.1885C
l1.12202
1,0592S
L.CCCCC
C.944C¢
C.89125
C.8414¢C
C.7S432
C.74989

CeET. PROB.
NCN-
FLLCTIULATING
TARGET

0.CCa7C319
c.CCo7G588
0.C0C0927
C.CCOTL355
0.Q0071897
C.CCCT258B4
0.CCOT34%n
0.CCOT45063
0.CC075917
0.C0077784
0.CCCBO1CS
Cc.coch31C3
C.000c699¢
0.00092681
0.CC0%98822
0.00107820Q
0.CC120C1L5
0.001356825
0.0C1e0467
0.00194506
0.C024%8¢7
0.C0321703
0.0044297%
f.CC641415
0.00978319
0.0157058%
C.C2642845
0.04620891
0.08274504
0.14853947
0.25569794
0.426716%99
0.63435275
0.82857414
0.94949114
C.59240339

PAGE

10

10 TO TrE POWER 1.
23.238634
CEl. PRCH. LEf. PROB.
FLLCTUATING FLUCTULATING
TARGE?Y TARGET
CASE ) rASE 2
0.C0C70325 Q.. :C7Q320
0.L0070596 Q.CJ070549
D.CODT0941L 0.CC070928
0.€0071373 G.00071357
0.C0071924 0.00071900
C.(CCT2842 €.C00725%0
C.€0073550 0.0007348¢
C.C0074715 C.0J0274578
0.C0076222 0.0C076000
D.C0078181 C.0C077823
0.00080752 0.00080168
0.00084161 ¢.00Cce320%
0.C00831742 ¢,000871%8
0.€0CS55CC0 0.00092357
C.CQl03726 C.0CC59261

50

0.C0l1162C0
C.C0134564
DC0186253)
0.00206730
0.€0279202
0.C0502000
G.C0614914
0.C0987Cs7
0.C1630851
0.C2712168
0.04445855
0.C706521%
0.10765184
0.15436712
U.21021443
C.28509165
0.39978S874
0.43665C48
0.51221497
0.583675068
0.£4910288

0.001C8550
0a001212%%
0.00138922
0.00164098
C.002C0909
0.00256377
0.080342827
0.00482538
C.00716846
0.0112375%6
0.01R50931
0.03117255)
0.05571625
0.0t 314817
C.ltiCh226
0.27¢7°2910
0.422' 192C
C.589 Q31
C.?74,10531
C.867 0780
C.941 3523

LET. PRCH.
FLLCTUATLub
TARGE |
CASE 3

0.CCUTD32
C.C0070%492
0.C00709133
0.00071246
0.0CC71915
0.00072613
0.00CT3501
0.00074638
0.0C0760437
0.000779719
0.00080421
0.CC083b18
C.00087814
0.CC093474
0.00101127
o.C0111701
0.00126643
C.00148323
C.C0LB0769
0.00231045
Q.C03119G0
0.004%61791
0.0C679109
C.01087973
0.01011912
0.03076350
0.05208928
0.C36113012
C.13672020
0.2C6594101
0.29265240
0.3G204¢ 2%
CeaF0LOLTYY
059844087
0.69067157
0.76922131

Uev. PRCHB.
FLUCTUATING
TARGE T
CASE 4

0.0000703.9
U.00070%40
0. 0007097
0.000713»6
0.06071899
0.0007125u71
0.00073400
0.00074571
0.00025%%:
0.0007780 4
U. 00080137
0.000H31514
0.000:7C/ 7
D.00092:7 3
0. 00939040
C.001C81+.
0.0012062
0.00137881L
U.00182257
0.0019765%3
0.002%0507
0.001332¢C27
U.004b6224¢
0.eN6781GY
0.01C49131
Q.Q170778Y
.02905CH5 2
0.05101098
U.380771 3y
0.15973Co/
G.2700002¢
Ve4253892%
Ne60836213
0.78170633
0.905084537
0.96925748%
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WAL e cvesas

SICMAL
IcONGISE
"Rat)C

c.icecc
Ceal2b8y
-15847
19683
w9118
(o X1e2)
19811
<8CLLS
<2 3CH8
15433
LLCCCO
«29883
«5R8489
.395%20
«51189
3. 10248
2.931C7
t.CtElRY
tL.30CET7
1.v43:28
1C.0CCCC
12.986845
15.94863
16.992¢2
25.11388¢
lacd2??
MML.PLLT]
T0.11872
3, 08572
’N.43.8C
L4.99667
109.86250
t1.u8Sch
19%.52615
FHilelb88%2
1je.22176C

A e Y

LY A e e N ]

SIGNAL
TC NCISE
RATIC

4]

-1¢
-9
-8
-1
-6
-5
-4
-1
-2
-1

N gD w -0

PLLSES INTEGRATEC INCOHERENILY =
FALSE ALARM NUMBER = 10 TO Tkt PCWER

BiAS CN RQAQT »EcAN SQUARE NOISE =

NORMALIZED

RANGE

l1.17828
1.6788C
1.58489
1.49624
1.41254
1.33352
1.25893
1.18385¢C
1.122C2
1.05925
1.Ccccc
0.944C6
0.89125
0.84140
C.754313
C. 74689
Q.710195
G.66834
C.053C9%6
C.595%66
C.562134
c.53Ca8
C.5Q11s
C.47315
C.a4€68
C.4217C
€.39811
C.37584
C.35481
Cae33497
C.31¢€23
C.2985%4
C.28184
C.2646C7
C.2911S
C.23714

OEY. PRCBH.
NCh-

FLLCTUATING

TARGE]

0.CTC00543
0.C0000843
C.GC0001411
0.0C0C2566
0.CCCCS5092
0.C001LCS7T
0.CCC26253
C.CCCo67776
c.00188¢C27
0.0054945¢C
C.01640782
0.C4798358
0.12991639
0.3C225256
0.574663833
0.837685176
0.97058882
0.99822C41
0.99997702

CEla PRCH.

FLUCTUATING

TARGET
CASE 1

0.(C003119
(.C0007933
0.00021456
0.00059284
0.C0159643
0.0G406519
0.CC356258
0.€20520491
0.L39998 9
0.€7093843
0.115201586
0.17277198%
0.24165843
0.31830158
0.39849880
C.47320008
0.55409542
0.c23871228
D.£8621082
Q.74062262
0.78723045
0.82655340
0.8593287¢
0.£8638175
0.508%93789
0.52657083
0.54117524
0.95295621
0.586242962
0.57002836
0.9786111G7
0.58097271
0.584853131
0.58794797
0.59041356
0.59237689

2

33.207495

CET. PRGH.
FL' CTUATING
TARSET
CAskE 2

€ 1C00N623
€ 00001020
0 ~gacilsic
0.,C0C3618
0.00007907
C.00018C35
0.00C49319
C.0CL39872
0.C04C4429
G.01165736
6.03201293
C.u8015578
C.17617421
2.2,117865
052758517
0.71932516
0.86262207
0.94498649
0.98188925
J.935C3637
0.998B84560
0.93976183
0.93995878

UET. PRCo.
FLUCTUATING
TARCET
CASE 3

C.C0G01206
0.00002%00
0.00QG58 3¢
0.CCO1498%
0.00C41014
0.001 145847
0.CcCr1581S
0.0082265%
0.01974730
0.042916173
0.083764¢81
0.146825%5)
0.23251442
0.33%97817
O.448327T41
C.55%48371
0.660998178
0.74763214
0.81749094%
0.87124134
0.91103514
0.93958546
0.99955350
0.97323451
0.98245443
0.98858622
C.99262338
0.99525213
0.99695743
0.998050631
0.59876150
0.99921238
0.9994994%]
0.99968296
0499919917
0.99987293

pveLT. PRLS.

FLOUCTUAT

TARGET
LALE 4

0.0 00540
L.000009¢~»
0.300C160 3
0. 000030 3»>
00000633,
UeQ0C14D1 3
Je. 00034
e JO0Y864 4
0.0072325749
0.00830G¢ 4
0.02398¢0u
J.064951 3¢
DelB6T5TUs
0.322165060
LY PEETE
U 766368
U.91.29%9¢7
0.97699504
C.99%8h50x
Qe3G93¢5023
Ga9999561
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SISNAL
TC NCISE
RAaTIC

C.1CcCO
C.12%89
C.15849
.169%3
L«29118
Ca3ledld
(.394911
C.5C119
C.43C56
C.1943)
t.cccce
1.258%12
1.58488%
1.965% 8
¢a11186
i.16228
T.N81C7
S.CLLRTY
t.3095%7
1.4941329

j: «CCUCC
l..%486¢5
1Y.Ha NG
Te.95270¢2
Jtalinge
leeid??
X B
S .ller?
~y.. 5972
Tyewl28C
NS LSS T
i2%.A%¢¢C
1NF.48926
IS8 .52:215
Jul.lagsne
Tle.227¢L

SIGNAL
1C NOISE
RATIZC

L8

-10
-9
-8
-1
-8
-5
-4
-3
-2
-1

L@~ N wh—=O

PLLSES

FALSE BALARM AUNBER

BlLAS

NCRMALQZED

RANGE

1.71828
1.6788¢
le 58489
1.4962%
141254
133352
1.25491
1.1885C
1.22202
1.0992%
1.C3CCC
C.944L8
0.85!'2%
C.84]4C
Ce71943)
0. 74989
Ce20T9S
C.65834
0.63C9&
C.9395¢¢
Cs5623«
c.53cC88
C.5011%
C.%7315
Cab4tés
Ce4217C
C.36811
C«11584
C.35481
0.33457
C.31€23
C.2985%4
C.28184
C.26607
C.25113
Ce23714

CEf. PRC3.
NCN-

FLLCTULATING

TARCLY

0.Ccgouygccs
0.000C0C L«
0.5C00Q0028
C.CC0O0O0ST?
C.CLC0132
C.CCOCCI&D
0.CCCu0saY
C.CTCGILSTY
C.CCCllcies
0.CCU43323
C.CCL164170
0.0C727456
0.C2863842
faCS89836B4
0.28161971
0.58803149
0.8789%99
3.9845335)
C.39955493
0.993998 24

INTEGHATEL INCOHERLANILY =
1v TO TrE PCwkR
UN RCOT MEAN SCULARE NOISE =

CEl. PRCH.

FLLCTULATING

TARGET
CASE 1

0.C000G15¢
0.00000543
0.L0CC2C81
C.C00C78132
C.(002940%
J.C00%418
0.C0283019
C.(0748%65
D.Cl744869
C.£3601097
3.06638602
0.11058398
0.168620506
C.:38318¢81
0.31594085
0.3970837C
Qa4 1759390
0455409141}
0.£2427080
G.¢8684274
0.14136005
0.7874857¢6
0.£2727185
0.£5993057
C.88655356
0.509028513
C.526984135
0.5415192)
C.55323947
C.5626b6110
0.57021621
C.57626303
0.58109502
0.58495170
0.58802660
0.590417645

10

k.

39.210998

LET. PRAOB.
FLULTLATING
TARCE?T
CASE 2

C.0000001 1
o.nCcCCC20
0.0C0C0062
C.0CCCO0v4
C.NC0CV26)
€.00090801
2.000C27 34
C.0CC1Q225
0.0CC404135
0.00161419
0.0C61685%%
C.021136611
C.0638507)
C.15460194
C.32105768
0.53029215
C.73C9C341
C.87446GN38
0.95256715
0.985296447
U.99619937
N.999161395
C.99984004
C.39697281

LET. PRULB.
FLLCTUATING
TARGE !
cast 3

0.U0000C 32
U.000000Hs
0.0000C209
0.CCOOCT98
C.000035492
0.0001 3608
C.00U%2006
C.00180587
0.005625498
0.0154039.
C.03673938
C.Cle35936
0.13943997
C.22651 380
0.53322610)3
C.947G4912
0.56018471
Ue66293064)
0.75009249
0.81995291
0.87340834
0.9172 713060
0.9409286b3
0.969535%1
0.97352C4b
0.98293554
0.98491199
0.99283765
(.995395%066
0.997C5117
099811719
0.994800/2
0.993237%8
0.99951¢10
0.9C969324
0.993P0575

ot T #RGA,

FLUCTuAT Y
TARGE T
CASE &

{00000 1L
u. 000000 LY
U 0CULOT I
0.0000U0C 7
N.00000L4Y
V. 0000051
0.000C1647
0.000%G5 70~
L. 0D02212¢
0.0008880b ..
0.003%820i
0.0137034¢
Q.0840R0L 7Y
Dl Inleasi
N.30824774
U.%5307G#ti
G. 7847610«
D.92726533
U.9833281¢
U.3374235¢
0.3997299¢
e IIFIIBCL



SIGhRL
TC KCISE
RAT)C

338.106%5%
SCl.18e8)
£30.65%¢85?
FS4.327¢8
G85.6%6246
1258.92442
i158«.891¢8
1995.26C5%
eYli 88412
2162.274¢0
1981 .C6T68
fCli.Be707
£IC5.56¢893
1944.27225%
§566.98¢€1¢
12588,
15849.
19953.
25t15.
31¢213,

SIGHAL
IC NZISE
RATIO

cA

26
2
én
21
33
34
3.
32
34
35
3¢
ir
3¢
l9
4C
4l
42
&)
44

4

"5

PLLSES

iNTEGRATEL INCCHERENILY =

FALSE ALARM NLFBER =

BIAS Ch RCOT MEASN

NORMALIZED

RENGE

c.221381
C.211135
€.1965)
C.léglde
c.l1r1782
C.16748
Cul584S
0.14S62
C.l%125
C.13335
C.1258%
C.11885
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PULSES INTEGRATED INCOHERENILY = 1000
CALSE ALARM NUMBER = 10 TO THE POWER l.

BIAS ON ROOTY MEAN SQUARE NOISE = 1047.804337
SIGNAL SIGNAL NCREALEZED DEY. PRCS. CET. PROB. CET. PRCB. DET. PROB. DET. PROB.
TC KOISE TC KOISE RANGE KOk~ FLULCTUATING FLUCTUATING FLUCTUATING FLUCTUATING
RETIC RAYIO FLUCTUATING TARGEY TARGET TARGE? TARGEY
(] TARGET CASE 1 CASE 2 CASE 3 CASE 4
C.39811 -4 1.25893 0.085343%0 0.96647829
G.50119 -3 1.1885C 0.6073474¢ 0.97770476
C.63C96 -2 l.12202 0.92537799 0.98532506
C.75433 -1 1.05%25 0.5400636) 0.96041761
t.00CCC0 c 1.00CCC 0.52196918 0.99379017
1.2%893 1 C.9442¢ 0.96158116 0.995%¢113
1.584¢F9 2 0.89125 0.56929991 0.99742103
1-8%%225 3 V.841139 0.67551669 0.998354064
Z.91 520 4 C.79433 0.58047203 0.99289339%4
S.i2208 5 0. 14988 0.98444038 0.99934147
FL¥EL02 & 070785 0.S8760756 0.99957509
s.0L2%8 1 0.66834 0.59013849 0.99973485
£, 3495 8 0.63C96 0.59215911 0.99982910
1.94329 9 0.59568 0.59376126 0.§9988432
1¢c.Cccct 10 0.56234 0.595031373 0.99992881
12.58926 11 c.53088 0.59604660
15.84894 12 0.50119 0.59686018
19.952¢4 13 C.47315 0-9597502¢5
es.1leee 14 C.4h€88 0.99800656
51.62280 15 G.42117C 0.69842059
15. 81014 16 0.39E11 0.59873794
5C.11876 17 0.37584 0.59899031
63.08577 LX) C.35461 0.69919562
79.43487 19 0.33497 0.59935482
10€.00CCS 20 0.11621 0.59%503408
125.8924¢C 21 0.29854% 0.$955%900
15€.4€939 z2 C.28184% 0.59967572
1§9.52613} 21 C.268407 0.59974515
251.18873 26 €.25119 0.59979119
31¢6,22786 25 C.23714 0.99983196
154.10728 26 €.221387 0.999864175
501.181735 27 C.21135 0.939883%03
63C.95746 28 €.19953 0.59991%20
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